Fishes show great variability in hearing sensitivity, bandwidth, and the appropriate stimulus component for the inner ear ͑particle motion or pressure͒. Here, hearing sensitivities in three vocal marine species belonging to different families were described in terms of sound pressure and particle acceleration. In particular, hearing sensitivity to tone bursts of varying frequencies were measured in the red-mouthed goby Gobius cruentatus, the Mediterranean damselfish Chromis chromis, and the brown meagre Sciaena umbra using the non-invasive auditory evoked potential-recording technique. Hearing thresholds were measured in terms of sound pressure level and particle acceleration level in the three Cartesian directions using a newly developed miniature pressure-acceleration sensor. The brown meagre showed the broadest hearing range ͑up to 3000 Hz͒ and the best hearing sensitivity, both in terms of sound pressure and particle acceleration. The red-mouthed goby and the damselfish were less sensitive, with upper frequency limits of 700 and 600 Hz, respectively. The low auditory thresholds and the large hearing bandwidth of S. umbra indicate that sound pressure may play a role in S. umbra's hearing, even though pronounced connections between the swim bladder and the inner ears are lacking.
I. INTRODUCTION
Fishes are known to have a great variability in hearing abilities in terms of hearing bandwidth, hearing sensitivity, and the appropriate stimulus component for the inner ear. The otolithic end organs in the inner ear are thought to act as biological accelerometers ͑Popper and Fay, 1999͒. Accordingly, fishes are thought to be primarily sensitive to the particle motion component of sound. Particle motion can be either described as acoustic displacement, particle velocity, or particle acceleration, each of which can be calculated based on the other two units. It has been suggested by several researchers that particle acceleration may be the most appropriate component for describing particle motion of sound in the context of fish hearing ͑Kalmijn, 1988; Fay and Edds-Walton, 1997; Popper and Fay, 1999; Bass and McKibben, 2003͒ Fishes without swim bladders are only sensitive to particle motion ͑Enger and Andersen, 1967; Banner, 1967; Chapman and Sand, 1974͒. Several groups from unrelated taxa ͑often termed "hearing specialists"͒ have independently evolved the ability to perceive also the pressure component of sound. This considerably lowers their hearing thresholds and extends the hearing bandwidth to higher frequencies up to several kilohertz ͑Hawkins and Myrberg, 1983; Ladich and Popper, 2004͒ . Such enhanced hearing abilities are primarily based on accessory hearing structures consisting of air-filled cavities. These transmit oscillations of their walls in the pressure field to the inner ear. Examples for such accessory hearing structures are the Weberian apparatus of otophysans ͑Ladich and Wysocki, 2003͒, the suprabranchial chambers ͑labyrinths͒ of anabantoids, and the auditory bullae of mormyrids and clupeids ͑Stipetić, 1939; Schneider, 1941; Blaxter et al., 1981; Fletcher and Crawford, 2001͒ . The degree of the connection between the air-filled cavity and the inner ear, as well as the size of the cavity, influence the hearing bandwidth and sensitivity. Catfishes with large swim bladders and a higher number of connecting ossicles have better high-frequency hearing than groups with small swim bladders and fewer Weberian ossicles ͑Lechner and Ladich, 2008͒. Within holocentrids, a shorter distance between anterior swim bladder extensions and inner ear results in lower hearing thresholds and broader hearing bandwidth ͑Coombs and Popper, 1979; Hawkins, 1993͒ . In sciaenids, this dependence of hearing on the structure of the auditory periphery seems to be less pro-nounced, although a smaller distance between the inner ear and anterior swim bladder protrusions may be associated with a higher upper frequency detected ͑Ramcharitar et al., 2006a͒.
The cod Gadus morhua and damselfish of the genus Stegastes ͑syn. Eupomacentrus͒ have been shown to detect sound pressure at the higher frequencies within their hearing range. At low frequencies ͑below about 100 Hz͒, however, these species are particle motion sensitive ͑Chapman and Hawkins, 1973; Sand and Enger, 1973; Spires, 1980͒. Cahn et al. ͑1969͒ found that two species of the grunt Haemulon could also shift from particle motion sensitivity to pressure sensitivity as frequency increased. Whereas at 400 Hz the grunts were sensitive to pressure only, they responded to either pressure or particle motion at frequencies of 100 and 200 Hz. The swim bladder of these fishes appears to serve as an accessory hearing structure: oscillations are obviously transmitted through the surrounding tissue to the inner ear, even though there is no apparent specialized anatomical link to the inner ear.
In many fish species, it is unknown which sound component ͑particle motion or sound pressure͒ is more relevant for detecting sound at the hearing threshold. Masking studies in cod have led Buwalda ͑1981͒ to assume that signal detection is ruled by whatever of the two components has the highest signal-to-noise ratio in a given instance and location.
These observations highly limit the possibility to estimate the auditory sensitivity, hearing bandwidth, or sound component ͑particle motion or sound pressure͒ detected by a previously unstudied species even within a given taxonomic group. This underlines the need for assessing hearing in many more species than has been currently done, whereby both sound components must be examined.
Due to the lack of commercially available sensors, most fish audiograms have been described in terms of sound pressure level ͑SPL͒, although this may not always be appropriate. The recent development of miniature sensors allows the simultaneous measurement of sound pressure and particle motion ͑McConnell, 2003; McConnell and Jensen, 2006͒ . This overcomes earlier limitations and enables to characterize the sound stimulus at threshold for both components of sound in the small tanks typically used during fish audiometry tests whose acoustics are very complex and do not allow to calculate particle motion out of SPL measurements based on typical assumptions for an acoustic free-field environment.
The aim of the present study was therefore to describe the hearing range and sensitivity of three vocal Mediterranean species from three perciform families in terms of SPL and three-dimensional particle acceleration level at hearing threshold. All three species occur within the Miramare Natural Marine Reserve near Trieste ͑Italy͒ and are currently target species for assessing the impact of human activities, namely boat noise, on their biology and physiology 
II. MATERIALS AND METHODS

A. Animals
Test subjects were six brown meagre Sciaena umbra ͓142-173 mm standard length ͑SL͒; 53.3-128 g body mass ͑BM͔͒, six damselfish Chromis chromis ͑72-89 mm SL; 13.9-20.9 g BM͒, and six red-mouthed gobies Gobius cruentatus ͑97-121 mm SL; 17.6-37.7 g BM͒. All test subjects were captured with trap nets at rocky reefs facing the Gulf of Trieste ͑North Adriatic Sea, Italy͒ prior to the study, and then transported to Vienna. Each species was kept in 250 l tanks for at least 1 week before starting the experiments. The bottoms of the aquaria were covered with sand and equipped with several plastic shelters. The aquaria were fitted with external filters and protein skimmers for salt water, water temperature was kept at 20°C, and a 12 h : 12 h L:D cycle was maintained. Fish were fed with frozen mussels ͑Mytilus galloprovincialis͒, crustaceans ͑Penaeus spp. and Daphnia spp.͒ and commercial food for sea water fish ͑TetraMin®, TetraWerke, Germany͒. All experiments were performed with the permission of the Austrian Federal Ministry for Education, Science and Culture ͑GZ 66.006/2-BrGT/2006͒.
B. Auditory sensitivity measurements
Hearing thresholds were obtained using the AEPrecording technique. The AEP protocol was based on that introduced by Kenyon et al. ͑1998͒ and adapted by Wysocki and Ladich ͑2005͒; therefore only a brief summary of the technique is given here. During the experiments, fish were mildly immobilized with Flaxedil ͑gallamine triethiodide; Sigma Aldrich Handels GmbH, Vienna, Austria͒ injected intramuscularly. The dosage used was 9.8Ϯ 1.8 g / g fish for S. umbra, 4.8Ϯ 0.6 g / g for C. chromis, and 12.4Ϯ 0.3 g / g for G. cruentatus. This dosage allowed the fish to retain slight opercular movements during the experiments but without significant myogenic noise to interfere with the recordings. Test subjects were placed secured in an oval plastic tub ͑diameter 45ϫ 30 cm; water depth 12 cm; 1.5 cm layer of sand͒ which was lined on the inside with acoustically absorbent material ͑air-filled packing wrap͒ to reduce resonances and reflections ͑see Fig. 1 in Wysocki and Ladich, 2002͒ . Fishes were positioned below the water surface ͑except for the contacting points of the electrodes, which were maximally 1 -2 mm above the surface͒ in the center of the tub. Fish respiration was secured through a simple temperature-controlled ͑20.7Ϯ 0.1°C͒, gravity-fed water system using a pipette inserted into the subject's mouth. Tissue paper ͑Kimwipes®͒ was placed on the fish's head to keep it moist and ensure proper contact of electrodes during experiments.
The AEPs were recorded by using silver wire electrodes ͑0.38 mm diameter͒ pressed firmly against the skin. The recording electrode was placed in the midline of the skull over the region of the medulla and the reference electrode cranially between the nares. Shielded electrode leads were attached to the differential input of a Grass P-55 AC preamplifier ͑Grass Instruments, West Warwick, RI, gain 100ϫ, high-pass at 30 Hz, low-pass at 1 kHz͒. The plastic tub was positioned on an air table ͑TMC Micro-g 63Y540, Technical Manufacturing Corporation, Peabody, MA͒, which rested on a vibration-isolated concrete plate. The entire setup was enclosed in a walk-in soundproof room, which was constructed as a Faraday cage ͑interior dimensions: 3.2ϫ 3.2ϫ 2.4 m͒. A ground electrode was placed in the water.
Both presentation of sound stimuli and AEP waveform recordings were achieved using a modular rack-mount system ͓Tucker-Davis Technologies ͑TDT͒ System 3, Gainesville, FL͔ controlled by a personal computer containing a TDT digital signal processing board and running TDT BIOSIG RP software. Sound stimuli waveforms were created using TDT SIGGEN RP software and played back by a transducer system consisting of two speakers ͑Fostex PM-0.5 Sub and PM-0.5 MKII, Fostex Corporation, Tokyo, Japan͒ which was positioned 50 cm above the water surface. Acoustic stimuli consisted of tone bursts ͑ranging from 100 to 3000 Hz͒ presented at a repetition rate of 21/ s and subsequently at opposite polarities ͑90°and 270°͒. The number of cycles in a tone burst was adjusted according to frequency in order to obtain the best compromise between stimulus rapidity ͑greater rapidity of onset means greater efficacy at generating AEPs͒ and peak frequency bandwidth ͑longer duration implies sharper spectral peak͒ ͑Silman and Silverman, 1991͒. The duration of sound stimuli increased from 2 cycles at 100 Hz up to 6 cycles at 3000 Hz. Rise and fall times increased from 1 cycles at 100 Hz to 3 cycles at 3000 Hz. All bursts were gated using a Blackman window. For each test condition, 1000 stimuli ͑or less, if the response was unambiguous͒ of each polarity were presented and the corresponding AEPs averaged by BIOSIG RP software to eliminate stimulus artifacts. At each tested frequency, this procedure was performed twice and the AEP traces were overlaid to examine if they were repeatable. The lowest sound pressure level ͑SPL͒ where a repeatable AEP trace could be obtained, as determined by overlying replicate traces, was considered the threshold. SPLs were attenuated in 4-dB steps until recognizable and repeatable waveforms could no longer be produced.
C. SPL and particle acceleration measurements
A hydrophone ͑Brüel & Kjaer 8101, Naerum, Denmark; frequency range: 1 Hz-80 kHzϮ 2 dB; voltage sensitivity: −184 re 1 V Pa −1 ͒ was placed on the right side of the animals ͑ϳ1 cm away͒ in order to control for absolute stimulus SPLs under water in close proximity to the subjects during each experimental session. In order to compare SPL and particle acceleration level for all frequencies tested, a calibrated underwater miniature acoustic pressure-acceleration ͑p-a͒ sensor ͑S/N 2007-001, Applied Physical Sciences Corp., Groton, CT͒ was placed at the fish's position in the test tub. This p-a sensor ͑with a frequency bandwidth from 20 Hz to 2 kHz͒ accelerometer allows the simultaneous recording of sound pressure and particle acceleration. It consists of two built-in units: a piezoelectric, omnidirectional hydrophone ͑sensitivity: −173.7 dB re 1 V / Pa or −193.7 dB re 1 V / Pa without preamplifier gain͒ and a bi-directional accelerometer ͑sensitivity: −137.6 dB re 1 V / m / s 2 or 12.99 mV/ g without preamplifier gain͒. The sensor was calibrated by the manufacturer in an acoustic waveguide and accounts for buoyancy effects owing to the fact that the sensor is slightly negatively buoyant ͑McCon-nell, 2003; McConnell and Jensen, 2006͒. Measurements of all stimulus frequencies at various levels, including the hearing threshold levels of the fish, were measured with the acceleration sensor subsequently oriented in all three orthogonal directions. Consistent with previous studies ͑Casper and Mann, 2006; Horodysky et al., 2008͒ , the x-axis was considered to be anterior-posterior along each subject's body, the y-axis was considered to be lateral ͑right-left͒ relative to the subject, and the z-axis to be vertical ͑i.e., up-down͒ relative to the subject.
This approach yielded simultaneous measurements of sound pressure and particle acceleration in all three directions over the entire stimulus range, except for the 3000 Hz stimulus used for S. umbra because this frequency is above the sensitivity of the p-a sensor. SPLs were calculated in dB rms re 1 Pa and particle acceleration levels ͑L a ͒ in dB rms re 1 m / s 2 . These are the international units for sound pressure and particle acceleration according to ISO standards ͑ISO 1683, 1983͒.
III. RESULTS
A. Sound stimuli/sound field
Due to the vertical speaker axis, the vertical component ͑z-axis͒ of particle acceleration had substantially greater amplitudes than the two horizontal axes ͑x-and y-axes͒ at each frequency and attenuation ͑Table I͒. Any 4-dB attenuation of the speaker output resulted in a 4-dB decrease of both sound pressure and particle acceleration ͑in all three orthogonal directions͒. This was valid for each frequency tested at the position of the fish in the test tub. The proportion between sound pressure and particle acceleration varied among frequencies by up to 6 dB, with similar proportions for 70-200 Hz and the same proportion for 500 and 600 Hz ͑Table I͒. For comparative purposes, additional measurements were performed after lowering the sensor by 5 cm. Here again, any 4-dB attenuation of the speaker output re- sulted in a 4-dB decrease of both sound pressure and particle acceleration ͑in all three orthogonal directions͒ for all frequencies tested. In addition, the vertical component ͑z-axis͒ of particle acceleration again had substantially greater amplitudes than the two horizontal axes ͑x-and y-axes͒ at each frequency and attenuation.
B. Hearing thresholds
In general, the audiograms expressed in terms of SPL and L a were very similarly shaped within each species, with sensitivity maxima and minima at the same frequencies, except in the red-mouthed goby, where the best sensitivity of the particle acceleration audiogram was slightly lower ͑Fig. 1, Table II͒. The drum S. umbra showed broadest hearing bandwidth and lowest thresholds of all three species tested. Consistent AEPs could be obtained for frequencies up to 3 kHz ͓Fig. 1͑A͔͒ in the drum, whereas no consistent AEPs could be obtained for frequencies higher than 600 Hz in the damselfish or higher than 700 Hz in the goby at the highest level possible ͑136 dB re 1 Pa͒.
The brown meagre showed highest auditory sensitivity at 300 Hz regardless of whether the threshold was expressed in terms of SPL or particle acceleration level; this was followed by a steep sensitivity drop-off toward lower and especially higher frequencies. In the damselfish, hearing sensitivity was highest at 200 Hz ͓Figs. 1͑A͒ and 1͑B͔͒. Hearing sensitivity of the goby was slightly lower than that of the damselfish.
IV. DISCUSSION
A. Sound pressure and particle acceleration field
The vertical speaker axis resulted in a large vertical component ͑z-axis͒ of particle acceleration with substantially greater amplitudes than in the two horizontal directions ͑x-and y-axes͒ at each frequency and attenuation independently of the water depth. Similar findings have been made in other studies ͑Casper and Mann 2006-x-axis ͑anterior-posterior͒ with underwater speaker anterior to the fish; Horodysky et al., 2008-vertical axis with same experimental setup as in the current study͒. In all three cases, the particle motion component of the two axes perpendicular to the speaker axis were negligible, and it has thus been proposed to consider only the particle motion values in the speaker axis for plotting audiograms ͑Casper and Mann, 2006; Horodysky et al., 2008͒. Acoustics in small tanks are very complex, and contrary to a freely propagating plane wave in an unbounded acoustic free-field, the relative proportion of particle acceleration and sound pressure at a given frequency is unpredictable. This proportion will vary depending on frequency, tank acoustics, sound source used, and distance to the sound source ͑Par-vulescu, 1967; Rogers and Cox, 1988͒. Underwater speakers 1966; Jacobs and Tavolga, 1967; Fay, 1969; Popper, 1971͒. More recently, they are also used in combination with the AEP recording technique ͓e.g., Kenyon et al., 1998; Ladich and Yan, 1998; Ladich, 1999; Wysocki and Ladich, 2001; 2005, Cordova and Braun, 2007; Horodysky et al., 2008͔. In agreement with previous findings ͑Horodysky et al., 2008͒, air speakers produce both components of sound during these experiments.
The proportion between both sound characteristics ͑mo-tion and pressure͒ differs considerably in various studies. This is because each experimental chamber would have different impedance depending on the construction of the tank and where the measurements were made.
This variance in the relative proportion between particle acceleration and sound pressure shows that it is very important to measure both sound characteristics at the hearing thresholds of the fish. This is especially true when investigating a presumptive "hearing generalist" species, believed to be sensitive only to the particle motion component of sound. On the other hand, the issue of the appropriate sound component seems to be less crucial for describing the hearing range and audiogram shape. Thus, despite frequencydependent differences in the relative proportion of particle acceleration to sound pressure, the few studies measuring both components have found no significant difference in terms of best hearing range or general audiogram shape. Horodysky et al. ͑2008͒ reported that the general shapes of the particle acceleration audiograms of six sciaenid species were similar to the sound pressure audiograms, except that they were flatter at low frequencies. A similar conclusion can be drawn by comparing sound pressure and particle acceleration thresholds of two elasmobranch species ͑Casper and Mann, 2006͒. Our current results also agree well with these previous findings. Lugli and Fine ͑2007͒ characterized stream ambient noise and sound spectra of two types of goby sounds in terms of sound pressure and particle velocity in the field. They also found no noticeable difference in the shapes between the particle velocity spectrum and the sound pressure spectrum in the ambient noise and in one type of goby sound. For the second goby sound type, however, they found larger differences between the pressure and particle velocity spectra. They nonetheless concluded that one of the two sound components is sufficient for characterizing the energy distribution in stream ambient noise and goby sounds.
B. Inter-and intra-family variabilities in hearing abilities
Audiograms have only been assessed in a few representative species of the three fish families investigated in the current study and different techniques ͑behavioral conditioning versus electrophysiological recordings have been applied͒. Most of audiograms were expressed in terms of sound pressure.
Sciaenidae or drums
Horodysky et al. ͑2008͒ measured hearing thresholds in six sciaenid species and expressed them in terms of SPL as well as particle acceleration ͑calculated from the directly measured particle velocity͒. Similar to Ramcharitar et al. ͑2006b͒ , they did not find significant differences in hearing sensitivity between species with and without anterior swim bladder diverticulae. In both studies, however, thresholds tended to be slightly lower in the former. Surprisingly, a species with swim bladder atrophy in adults was among those with lowest hearing thresholds ͑i.e., highest sensitivity͒ at frequencies above 600 Hz. Ramcharitar et al. ͑2006a, 2006b͒ only measured AEPs up to a frequency of 700 Hz in the spot Leiostomus xanthurus, a sciaenid species with no anterior swim bladder extensions, but recorded AEP up to 2000 Hz in the weakfish Cynoscion regalis, a species with anterior swim bladder horns extending close to the inner ear. In contrast, Horodysky et al. ͑2008͒ recorded AEPs in all six species up to 1200 Hz ͑including the spot͒, the highest frequency tested, regardless of their swim bladder shape. They might have found responses to higher frequencies in some of those species.
Only one report has been published on hearing in S. umbra: Dijkgraaf ͑1952͒, using an automated sound production procedure, reported responses of the fish ͑syn. Corvina nigra͒ up to 1000 Hz or even up to 4000 Hz at very high intensities. Since his thresholds were related to human hearing, no direct comparison to our data set can be made. However, the fish proved to be extremely difficult to train to positive food reward stimuli compared to other species. Accordingly, their hearing sensitivity and bandwidth have probably been underestimated. When comparing our current data on S. umbra to other sciaenid species, the brown meagre shows lowest sound pressure hearing thresholds and the broadest hearing range ͑up to 3000 Hz͒. This is surprising because it has a simple, carrot-shaped swim bladder without appendages which is still well developed in adults ͑Chao, 1986; pers. obs.͒. One assumption is that sciaenid species without such appendages are more likely to respond solely to the particle motion fields, while species with enhanced swim bladder connections to the inner ear may also be able to detect sound pressure ͑Horodysky et al., 2008͒. However, the responses of S. umbra to sound stimuli of 3000 Hz cannot be explained by particle motion detection. In the few studies attempting to separate the two components of sound, particle motion sensitivity in teleost fish has never been demonstrated at frequencies above 400 Hz ͑reviewed in Fay, 1988; Fay and Megela-Simmons, 1999͒ . Moreover, when comparing the audiogram of S. umbra to that of another species with no swim bladder extension, L. xanthurus ͑Horodysky et al., 2008͒, the inter-species differences are much larger in particle acceleration versus pressure audiograms ͓Figs. 2͑A͒ and 2͑B͔͒.
One possibility is that, despite the lack of anterior extensions, the swim bladder can still transmit oscillations in the sound pressure field to the inner ear. Altogether, the form-function relationship in different sciaenid species is much less clear than in holocentrids, where the degree of swim bladder extension toward the ear nicely matches hearing sensitivity and bandwidth ͑Coombs and Popper, 1979͒. This currently precludes extrapolating from the few species investigated to other sciaenid species.
Pomacentridae or damselfishes
The highest within-family variation in hearing seems to occur in damselfish. For example, six species within the genus Stegastes ͑syn. Eupomacentrus͒ yielded quite similar behavioral audiograms in terms of absolute pressure sensitivity, hearing range, best frequency, and audiogram shape ͑Myr-berg and Spires, 1980; Kenyon, 1996͒ . In contrast, representatives of the genus Abudefduf were up to 50 dB less sensitive to sound when thresholds were measured as SPL ͑Egner and Mann, 2005; Maruska et al., 2007͒ by auditory evoked potentials. While all Stegastes species had a pronounced sensitivity maximum at 500 Hz, matching well the dominant frequency of their courtship sounds ͑Myrberg and Spires, 1980͒, the Abudefduf audiograms were much flatter with a region of highest sensitivity between 100 and 400 Hz ͑Fig. 3͒. The AEP-pressure audiogram of Chromis chromis is intermediate between the two other genera, with a best sensitivity at 200 Hz again, matching the dominant frequency of their sounds ͑Picciulin et al., 2002͒ and the narrowest hearing range. Note that responses to higher frequencies might have been recorded if it would have been technically possible to produce levels above 140 dB. While some of the inter-species differences may be explained by methodological differences in audiometry, the large inter-generic differences cannot. So far, no swim bladder diverticulae or other peripheral adaptations have been described in pomacentrids. Myrberg and Spires ͑1980͒ found that hearing in S. dorsopunicans was governed by particle motion around 100 Hz, but that its hearing was dominated by pressure detection at frequencies of 300 Hz. That experiment involved changing the distance between fish and speaker and thus the proportion between sound pressure and particle motion.
Similar to S. umbra, Stegastes has no swim bladder extension despite its ability to detect sound pressure. Based on their audiograms, particle motion may be more relevant for Abudefduf and Chromis, at least in the low frequency range. Given the enormous inter-generic variation in pomacentrid audiograms, it would be desirable to undertake comparative physiological, behavioral, and morphological studies on various pomacentrid species and genera to elucidate the factors behind such differences.
Gobiidae or gobies
The red-mouthed goby showed the lowest hearing sensitivity of all three species investigated, regardless of whether expressed as sound pressure or particle acceleration ͑Fig. 4͒. Gobies are generally considered to be hearing generalists ͑Lugli et al., 2003͒, and some species-though not the G. cruentatus ͑Gil et al., 2002͒-even lack a swim bladder. They therefore probably only detect the particle motion component of sound. Currently, only sound pressure audiograms of gobies are available ͑Dijkgraaf, 1952-behavioral thresholds; Lugli et al., 2003-AEP thresholds͒ 2002-AEP thresholds͒. Given the high inter-specific variability in other families such as pomacentrids, the audiogram of D. latifrons looks surprisingly similar to the particle acceleration audiogram of G. cruentatus at comparable frequencies when calculated as particle acceleration level in dB re 1 m / s 2 ͑Fig. 5͒.
V. CONCLUSIONS
In summary, the three investigated Adriatic species showed quite different hearing sensitivity and hearing bandwidth. Additionally, intra-family comparisons showed large variations at least among pomacentrids, variations that do not always coincide with morphological adaptations ͑accessory hearing structures͒. This shows that among species extrapolations must be interpreted with extreme caution and that it is better to directly investigate the target species of any environmental acoustic impact study. The standard setup used in most fish hearing studies is unsuitable to determine whether a fish reacts to the particle motion or the pressure component of sound below approximately 400 Hz. Special equipment that separates both sound components would be necessary for this purpose. In addition, sound in the natural environment always consists of both components, whose relative proportions may vary depending on distance to the sound source and the acoustic field in the environment. Therefore, the best option if information on absolute sensitivity to sound of a given fish species is required is to measure both components at the hearing threshold. 
